Purpose: To describe our experience treating a cohort of unilateral aphakic infants with contact lenses in the Infant Aphakia Treatment Study (IATS). Materials and methods: Fifty-seven of the 114 infants in the IATS were randomized to contact lens wear; all were followed until age 5 years, although a few had lapses in care. An examination under anesthesia, including keratometry, was performed at the time of enrollment and at approximately 1 year of age; keratometry was performed again at 5 years of age. A traveling examiner assessed visual acuity at approximately 1 year of age and again at 4.5 years of age. Results: Twenty-four treated eyes (46%) wore silicone elastomer (SE) contact lenses, 11 eyes (19%) rigid gas permeable (GP) contact lenses and 17 eyes (29%) wore both lens types at various points of time. T he Infant Aphakia Treatment Study was designed to compare the visual outcomes in children who were 1 to 6 months of age at the time of unilateral congenital cataract surgery and were randomized to optical correction with contact lenses or an intraocular lens (IOL). Children randomized to IOL treatment had their residual refractive error corrected with spectacles. Children randomized to aphakia were treated with a contact lens. In previous publications we have shown that the visual results are comparable for these 2 treatments at both 1 year and 4.5 years of age, but significantly more of the infants randomized to IOL implantation required additional intraocular surgeries.
T he Infant Aphakia Treatment Study was designed to compare the visual outcomes in children who were 1 to 6 months of age at the time of unilateral congenital cataract surgery and were randomized to optical correction with contact lenses or an intraocular lens (IOL). Children randomized to IOL treatment had their residual refractive error corrected with spectacles. Children randomized to aphakia were treated with a contact lens. In previous publications we have shown that the visual results are comparable for these 2 treatments at both 1 year and 4.5 years of age, but significantly more of the infants randomized to IOL implantation required additional intraocular surgeries. [1] [2] [3] For this reason, it is recommended that infants undergoing surgery for a unilateral cataract during the first 6 months of life be left aphakic and be optically corrected with contact lenses. In this report, we describe the clinical findings of the children randomized to contact lens wear.
MATERIALS AND METHODS
The Infant Aphakia Treatment Study (IATS) is a multicenter, randomized clinical trial comparing IOL and contact lens treatments after unilateral congenital cataract surgery when 1 to 6 months of age. The study design, surgical technique, follow-up schedule, patching and optical correction regimens, evaluation methods, and patient characteristics at baseline have been reported in detail previously. 1 The complete protocol for the IATS can be viewed online at http:// www.sph.emory.edu/IATS. This study was approved by the institutional review boards of all the participating institutions and was in compliance with the Health Insurance Portability and Accountability Act; informed consent was obtained from a parent or legal guardian of all patients before randomization.
Study Design
The main inclusion criteria were a visually significant congenital cataract ($3 mm central opacity) in 1 eye and an age of 28 days to less than 210 days at the time of cataract surgery. The main exclusion criteria were an acquired cataract, a corneal diameter less than 9 mm, a medical condition that might interfere with visual acuity testing at age 4½ (e.g., syndrome likely to impact cognitive development), an intraocular pressure (IOP) $25 mm Hg and prematurity (,36 gestational weeks). Patients were randomized to have either an IOL placed at the time of the initial surgery or left aphakic and corrected with a contact lens. Patients were examined at 1 day, 1 week, 1 month, and every 3 months after surgery until 4 years of age; thereafter, visits were at 4.25, 4.5, and 5 years of age. A masked traveling examiner on all 114 subjects measured objective grating visual acuity at 1 year of age (62 months) using Teller Acuity Cards (Stereo Optical, Chicago, IL) and on 113 subjects at 4.5 years of age using the subjective ATS-HOTV optotype system. Keratometry measurements using a handheld instrument were obtained at the time of initial cataract surgery, at approximately 2 weeks before the visual acuity assessment at 1 year of age and at the 5-year visit using an IOLMaster or autorefractor. Caregiver diaries and telephone interviews obtained at regular intervals were used to assess contact lens wear.
Contact Lens Correction
Within 1 week after cataract surgery, patients randomized to the contact lens (CL) group were fitted with either a Silsoft (SE) (Silsoft Super Plus; Bausch & Lomb, Rochester, NY) or a gas permeable (GP) (X-Cel Specialty Contacts, Duluth, GA) contact lens with a 2.0 diopter (D) overcorrection to provide a near-point correction. The contact lens power was adjusted for infinity at approximately 2 years of age along with spectacle overcorrection with a straight top bifocal with a plus three and placed at the center of the pupil. Contact lenses were fitted in a clinical setting without sedation. The initial lens type and wearing modality used were at the discretion of the contact lens professional at each clinical site. Contact lens professionals participating in the study were certified by written examination. Patients were evaluated by both the surgeon and the IATS certified CL professional at each study visit. Contact lens parameter changes were made at these visits to optimize power and fit of the lens. A patient was deemed to have failed contact lens wear if the lens was worn for fewer than 4 hr per day on average for a period of 8 consecutive weeks as defined by the IATS study protocol. Patients who failed contact lens use underwent the implantation of a secondary IOL.
Contact Lens Fitting
Silsoft Super Plus contact lenses for pediatric aphakia (.20 D) are available with the following parameters: diameter, 11.3 mm, base curves: 7.5 mm (45.00 D), 7.7 mm (43.75 D) , and 7.9 mm (42.75 D), optic zone of 7.0 mm, and powers ranging from +23.00 to +32.00 D in 3D steps; the power closest to the target refractive error was selected. The Silsoft material has an oxygen permeability (Dk) value of 340, with oxygen transmissibility (Dk/t) of 58 at 0.61 mm [B+L, http://www.bausch.com/en_US/ecp/visioncare/ product/softcontacts/silsoftplus_ecp.aspx. Accessed July 10, 2015] . If an accurate refraction could not be obtained using retinoscopy, a 7.5 mm base curve (BC)/+32.0 D/11.3 mm diameter Silsoft Super Plus lens was dispensed, and the lens power and fit were subsequently refined at the earliest opportunity. In cases in which a SE lens was not worn successfully, a GP contact lens was fitted, and vice versa. GP lenses were manufactured in Boston XO 2 (hexafocon B; Valeant Pharmaceuticals, Lynchberg, VA) with an oxygen permeability (Dk) of 141, and a transmissibility of 28 at a nominal center lens thickness of 0.50 mm.
A custom designed and standardized set of aspheric, high plus, lenticulated diagnostic lenses were used for GP lens fitting; the fitting procedure has been previously described. 4 Application and removal training was provided to each caregiver along with a training video and written and verbal instructions that were confirmed at each study visit.
Statistical Methods
The median visual acuity at 4.5 years of age for patients wearing GP lenses was compared with that of patients wearing SE lenses using the Wilcoxon rank-sum test. A nonparametric test was used because of the skewed distribution of the data and because of the assignment of visual acuity values for patients with vision below the level detectable with Teller acuity cards (low vision, light perception (LP), no light perception (NLP)). The mean keratometric power at ages 1 and 5 years and the mean change from age 1 to 5 years were compared between treated and fellow eyes using a paired t test. The mean change in keratometric power between ages 1 and 5 years was compared between contact lens types using an independent group's t test. A P value less than 0.05 was deemed statistically significant.
RESULTS

Study Population and Type of Contact Lens
There were 114 patients enrolled in the study with 57 patients randomized to contact lens treatment for aphakia. The median age at cataract surgery of the CL group was 1.8 months (interquartile range (IQR), 1.1-3.1 months), 32 (56%) were female and 49 (86%) were white. Of the 57 patients, 2 had nonamblyopic NLP or LP vision shortly after surgery and did not require optical correction. Three received secondary IOLs between ages 1 and 5 years. Of the remaining 52 eyes who wore CLs, 24 (46%) were treated with SE lenses only, 11 (21%) were treated with GP lenses only, and 17 (33%) used both lens types and/or soft contact lenses at various points of time. Only 3 study sites routinely fitted GP lenses. Thirtyseven (84%) of the eyes that were first fitted with a SE lens, were fitted with a 7.5 mm back optic zone radius and 11.3 mm diameter; the remaining were fitted with a flatter base curve. One study site initially fitted 5 eyes with a flatter BC than the 7.5 mm option, 8 of the 37 (22%) eyes remained in the 7.5 base curve lenses, whereas the remainder (78%) were fit with flatter base curves over the course of the study. Of the children who completed the study wearing SE lenses, 14 were wearing 7.5 BC, 14 were wearing 7.7 BC, and 7 were wearing 7.9 BC. Nine of 21 children wearing powers #+20 D at the end of the study were wearing the largest diameter available SE lens (12.5 mm) .
Two patients were fitted with a Cooper Proclear soft lens when the required Rx decreased to +20 D.
Of the 41 patients wearing SE lenses between ages 1 to 5 years, 28 wore a lens on a continuous wear schedule (7-21 nights), 6 on a daily wear basis, 3 alternated between daily and continuous wear; the wear schedule was not documented for 4 patients. Two patients wearing SE lenses had their routine lens care (lens removal and/or exchange) performed by either the contact lens professional or the investigator at two different clinical sites. Children wearing a GP material wore a lens on a daily wear basis.
Three of the patients randomized to contact lens wear were deemed CL failures and secondary IOLs were implanted after the first visual acuity assessment at 1 year of age. In all 3 of these cases, the caregiver was unable to manage the application and removal of the CL. All three of these patients had worn SE lenses only.
Vision With Contact Lens Correction at 4.5 Years of Age
At age 4.5 years, the objective median logMAR visual acuity was +0.90 (IQR, +0.30 to 21.60). The SE subgroup median acuity was +0.70 logMAR (IQR, +0.30 to 21.20) . In the GP subgroup, median logMAR acuity was 2.03 (IQR, +0.20 to 22.28, Figure 1 ). Thirtythree percent of the patients wearing GP lenses achieved 20/40 or better vision compared with 20% wearing SE lenses (Table1).
Keratometric Findings
The mean decrease (flatter) in keratometric power of the treated eye between the ages 1 and 5 years was 20.1460.8 D. The mean decrease in mean keratometric power between the age 1-and 5-year visits of the fellow eye was 0.0661.1 D. Of the 57 patients randomized to the CL group, 46 patients had K-readings at both the Table 2 ). The mean keratometric power difference at age 5 years compared with age 1 year was 20.0660.7 D (n¼35) in the SE treated eyes, whereas those in the GP group were 20.461.0 D (n¼11) ( Table 3) .
Corneal Astigmatism
The mean keratometric astigmatism at the age 5-year visit was 2. Table 4 ). Our data reveal that 66% of treated eyes (n¼51) had greater than 1.5 D of corneal astigmatism at 5 years of age. Approximately, half (52%) of treated eyes had #2 D of corneal astigmatism, whereas the balance (48%) had greater than 2 D at 5 years of age (Table 5) .
Adverse Events
There were 13 CL-related adverse events (AEs) that occurred in 7 patients after the first postoperative year. Three eyes had more than one AE. With the exception of an in situ broken GP, all AEs occurred in eyes being treated with SE lenses and overnight wear. Two eyes had a corneal abrasion, six eyes had a single incidence of bacterial keratitis, two eyes had a single incidence of corneal ulcer, and three eyes were reported to have recurrent postkeratitis corneal opacities. The mean age at the time of the AE was 2 years 8 months (range, 1.1-4.4) . None of the AEs were cultured, but those reported to be Of the 57 patients randomized to the CL group, there were 46 patients who had K readings at both the age 1 year EUA and the clinical exam at age 5 years. The mean (6SD) age at the age 1 year EUA was 11.060.4 months and was 59.960.7 months at the age 5 years clinical exam. The mean time between the 2 measurements was 48.960.7 months.
Values are mean (standard deviation).
a The P value for the paired t test comparing the means of the treated and fellow eyes. The difference was calculated as (Treated 2 Fellow). The 95% confidence interval (CL) for the difference between the means of the treated and fellow eyes. "bacterial" were based on resolution after the use of topical antibiotic medications. None of these eyes had visually significant sequelae. Additional AEs in the contact lens group but not related directly to contact lens wear included 2 eyes with lens proliferation into the visual axis, 2 eyes with a pupillary membrane, 1 eye with corectopia, 9 eyes with glaucoma, and 11 eyes that were glaucoma suspects. 5 One eye randomized to the contact lens arm of the study developed a retinal detachment in the early postoperative period and later developed phthisis bulbi resulting in no light perception vision. A second eye developed endophthalmitis postoperatively and had only light perception vision.
DISCUSSION
Contact lenses were well tolerated by most children randomized to contact lens wear in the Infant Aphakia Treatment Study. During 5 years of follow-up, only 3 (5%) patients randomized to contact lens wear underwent the implantation of a secondary IOL. In contrast, in another series, 30% of aphakic children were reported to discontinue contact wear during early childhood. 6 The lower failure rate in the IATS may be because investigators were strongly encouraged to delay IOL implantation as long as possible. Protocol mandated trials of alternative CL types and/or aphakic spectacles preceded a request to the study Steering Committee for a secondary IOL. Finally, CLs were provided at no cost to children participating in the IATS thereby eliminating the cost of replacing lenses as a reason to discontinue contact lens wear. The majority of eyes in this study were fitted with SE lenses. The use of SE lenses for pediatric aphakia is well documented, and remains the lens of first choice for most pediatric contact lens professionals due to its ease of fitting, high power availability, and excellent oxygen permeability. [7] [8] [9] [10] [11] Although the SE lens is available up to +32 D powers, it is limited to 3D steps in power. Additionally, only 3 base curves are available with powers greater than 20 D with the steepest BC (7.5) equaling 45.00 D. Nearly 90% of the eyes wearing SE lenses in our series were initially fitted with 7.5 mm BCs, which was also the default BC selection. 12 Children wearing SE lenses frequently require refitting at approximately 3 years of age due to increased deposit formation requiring more frequent replacement. 12 This deposit formation may be related to lipid composition and lipid thickness changes and/or increased palpebral fissure size and blink rate compared with infants. [13] [14] [15] In our study, many children remained in SE lenses for the duration of the study. This may be due to lens replacements being provided by the study or to insignificant numbers of adverse events occurring despite the age of the child. Evaluating the fit of SE lenses requires the application of fluorescein and the use of a cobalt blue light source to determine alignment versus a flat or steep central pattern. The lens should have good centration and complete coverage of the cornea and limbus along with adequate tear exchange at the lens edge. Tight fitting SE lenses worn routinely overnight may cause increased risks. 16 All but one of the adverse events in our study was related to overnight wear with SE lenses. The cleaning/disinfection/changing of the lens was performed entirely by study site professionals for 2 patients. This may not be practical outside of a study of this type. Caregivers who are unwilling to perform application, removal and care of their child's contact lens may be better managed with an IOL. However, caregivers in the IATS IOL group reported higher levels of stress than those in the contact lens group 3 months after surgery. 17 The 5-year treatment mean total costs of an infant with a unilateral congenital cataract corrected optically with a CL in this study have been reported to be $25,331 with supply costs of $7728 compared with mean total costs of $27,090 and supply costs of $3204 in the IOL group. 18 Although the total costs were higher in the IOL group, the higher supply costs in the CL group is an important consideration, since these costs are often not covered by insurance policies.
The use of GP contact lenses for correction of infantile aphakia has been well recognized. [19] [20] [21] [22] However, only 3 of the 12 sites fitted GP The P value for the independent groups t test comparing the means of the two CL groups.
c
The difference between the mean changes in keratometric power of the two CL groups. The difference was calculated as (RGP 2 Silsoft).
d
The 95% Confidence Interval for the difference between the means of the two CL groups. 23 GP lenses require more time and expertise to fit, which is likely why they are used less often to correct pediatric aphakia. Only one AE occurred in the GP group related to a broken lens.
The visual acuity data obtained at both the 1 and 4.5 years of age fail to provide convincing evidence regarding which contact lens material is the best option for managing infantile aphakia. In the SE group, 20% of treated eyes developed acuity between 20/20 to 20/40 and 44% had acuity of 20/200 or worse. In the GP group, one-third of the treated eyes had acuity of 20/20 to 20/40, whereas two-thirds had acuity 20/200 or worse. Although GP lenses are customizable to fully correct the refractive error, and SE lenses are limited to availability to 3D steps at +20 D, there was not a significant difference in the visual outcome between the 2 groups possibly due to the small sample size of children wearing GP lenses.
The infant cornea is typically steeper in curvature than the adult cornea. The mean corneal curvature at birth has been reported to range from 47 to 48.50 D. 24, 25 With age, the globe's radius enlarges and the corneal curvature flattens to an adult mean of approximately 43 D. Moore reported that the mean corneal curvature flattens at a faster rate in aphakic than in normal eyes. 26 In our cohort of eyes, both the treated and untreated eyes demonstrated no changes in mean corneal curvature from 1 to 5 years of age suggesting the central corneal power is stable at 1 year of age.
Our study compared keratometric data obtained at the time of surgery to data obtained after an average of 8.5 months and again after approximately 5 years of contact lens wear. The mean rate of decrease in keratometric power was less in eyes that wore GP lenses (0.10 D/mo) compared with eyes wearing SE lenses (0.22 D/mo) from baseline to 1 year, although this difference was not statistically significant (P¼0.15). This insignificant difference may arise from a corneal molding effect from a relatively flat-fitted SE lenses. It may also be that the GP lens prevents the cornea from flattening. The change in average central keratometric power from 1 to 5 years in the GP group was 20.4 D (SD 1.0) and 20.06 D (SD 0.7) in the SE group (P value 0.23) and was not statistically significant (Table 3) . This finding suggests that the infant wearing a GP lens had more flattening of the central cornea in years 1 to 5 and that perhaps the GP lenses worn from baseline to year 1 were steeper fitting than those fitted in years 1 to 5. Longitudinal studies done after discontinuing GP wear may help to elucidate the effect of GP lenses on corneal curvature and the impact it may have on secondary IOL surgery outcomes.
We found that the cataractous eyes had steeper corneal curvatures than the fellow eyes at both 1 and 5 years of age. Trivedi and Wilson 27 reported that the corneas of cataractous eyes of children with unilateral cataracts were significantly steeper than the corneas of the fellow eye at birth to 6 months of age. We found that on average the keratometric astigmatism for the contact lens wearing cohort decreased by 0.36 D in the first year of life. 4 This is consistent with another report that noted a reduction of astigmatism in children during the first year of life. 28 Our data demonstrate that 66% of treated eyes (n¼51) had greater than 1.5 D of corneal astigmatism at 5 years of age.
Contact lens professionals had the option to fit 2-hydroxy-ethyl methacrylate-based soft hydrogel lenses. Two eyes wore a Cooper Proclear 8.6 BC 14.2 DIA when the power required was +20 D or less. Custom-designed high oxygen flux silicone hydrogel lenses are available in the US market. However, they were not Food and Drug Administration approved at the time of our initial study design. There were no eyes fitted with custom silicone hydrogel lenses in this study. Silicone hydrogel materials for infantile aphakia are the preferred soft material in Australia. 29 Ultraviolet radiation exposure damages the human eye, and has been reported to be associated with a variety of ocular disorders. [30] [31] [32] The aphakic eye is potentially more vulnerable to retina changes related to UV exposure since the crystalline lens filters UV light. SE contact lenses do not have UV protection, whereas GP contact lenses do. This is a theoretical advantage for GP lenses over SE lenses. However, there are no data to show whether this difference is clinically meaningful.
SUMMARY
Contact lenses provide a safe and effective treatment for infantile unilateral aphakia and are the recommended method of correction during the first 6 months of life based on equal visual outcomes with primary intraocular lens implantation, but few adverse events. 
